Background and purpose -Functional limitations after total knee arthroplasty (TKA) are common. In this longitudinal study, we wanted to identify subgroups of patients with distinct trajectories of pain-related interference with walking during the fi rst year after TKA and to determine which demographic, clinical, symptom-related, and psychological characteristics were associated with being part of this subgroup.
Background and purpose -Functional limitations after total knee arthroplasty (TKA) are common. In this longitudinal study, we wanted to identify subgroups of patients with distinct trajectories of pain-related interference with walking during the fi rst year after TKA and to determine which demographic, clinical, symptom-related, and psychological characteristics were associated with being part of this subgroup.
Patients and methods -Patients scheduled for primary TKA for osteoarthritis (n = 202) completed questionnaires that evaluated perception of pain, fatigue, anxiety, depression, and illness on the day before surgery. Clinical characteristics were obtained from the medical records. Interference of pain with walking was assessed preoperatively, on postoperative day 4, and at 6 weeks, 3 months, and 12 months after TKA.
Results -Using growth mixture modeling, 2 subgroups of patients were identifi ed with distinct trajectories of pain-related interference with walking over time. Patients in the Continuous Improvement class (n = 157, 78%) had lower preoperative interference scores and reported a gradual decline in painrelated interference with walking over the fi rst 12 months after TKA. Patients in the Recurrent Interference class (n = 45, 22%) reported a high degree of preoperative pain-related interference with walking, initial improvement during the fi rst 3 months after TKA, and then a gradual increase-returning to preoperative levels at 12 months. Patients in the Recurrent Interference class had higher preoperative pain, fatigue, and depression scores, and poorer perception of illness than the Continuous Improvement class.
Interpretation -1 in 5 patients did not improve in pain-related interference with walking at 12 months after TKA. Future studies should test the effi cacy of interventions designed to modify preoperative characteristics.
■ Between 10% and 34% of patients continue to report having pain 12 months after TKA (Beswick et al. 2012 ) and 11% report similar or worse levels of function after surgery (Wylde et al. 2007 ). The reasons for this variability in TKA outcomes are likely to be multifactorial (Jones et al. 2007 , Kauppila et al. 2011 . Although several studies have investigated demographic factors (O'Connor 2011), clinical factors (Kane et al. 2005) , and psychological factors (Paulsen et al. 2011 , Vissers et al. 2012 ) associated with functional recovery after TKA, the results have been inconclusive.
Newer methods of longitudinal data analysis (e.g. latent class analysis) can be used to identify subgroups of patients with distinct experiences of the outcome of interest over time (Jung and Wickrama 2008) . In a large registry-based study (Franklin et al. 2008 ) that used mixture modeling to evaluate changes in functional status in patients after TKA, a subgroup of patients (37%) was identifi ed who reported limited improvement in function. These patients were more likely to be older and female, and generally speaking they had a higher BMI, poorer emotional health, and poor quadriceps strength. However, in that study, function was measured only once postoperatively. We have not found any published studies that have attempted to identify subgroups of patients based on changes in functional status in the year following TKA.
We wanted to identify subgroups of patients with distinct trajectories of pain-related interference with walking in the fi rst 12 months after TKA, and to determine which demographic, clinical, symptom-related, and psychological characteristics were associated with being part of these subgroups.
Material and methods

Patients and procedures
This study was performed from October 2012 through September 2014 in a high-volume surgical clinic in Norway. Patients (n = 202) were invited to participate on the day of admission if they were ≥ 18 years of age, literate in Norwegian, scheduled for primary TKA for OA, and had no diagnosis of dementia. Patients undergoing unicompartmental or revision surgery were not included. All patients received information about the study and signed the consent form before completing the enrollment questionnaire that assessed demographic, clinical, symptom-related, and psychological characteristics; preoperative pain; and interference of pain with walking. Pain-related interference with walking was assessed preoperatively, on postoperative day (POD) 4, and again at 6 weeks, 3 months, and 12 months. Follow-up questionnaires were mailed to each patient and returned in sealed envelopes. Clinical data were obtained from the medical records.
Pain management procedures
The procedures for anesthesia, surgery, and postoperative pain management were standardized. All patients received the same posterior cruciate-retaining fi xed modular-bearing implant. A tourniquet was used during surgery, and drains were placed and removed on POD 1. Spinal anesthesia with bupivacaine and sedation was the fi rst choice of anesthesia. Epidural analgesia (EDA) with continuous infusion of bupivacaine (1 mg/ mL), adrenaline (2 µg/mL), and fentanyl (2 µg/mL; 5-12 mL/h) was used for postoperative pain management. If neuraxial blockade was contraindicated, patients received general anesthesia and a continuous femoral nerve block (CFNB) with bupivacaine (2.5 mg/mL; 4-10 mL/h) for postoperative pain management. Epidural catheters and femoral blocks were usually removed on POD2. Patients received oral acetaminophen (1 gram every 6 h), celecoxib (200 mg), and controlled-release oxycodone (5-20 mg every 12 h) unless contraindicated. Immediate-release oxycodone (5 mg tablets) and intravenous ketobemidone (2.5-5 mg) were available as rescue medications. If pain control was not satisfactory, low-dose ketamine (1.5 µg/kg/min) was administered as a continuous intravenous infusion. Pain medication prescribed at discharge usually consisted of acetaminophen and tramadol.
Physiotherapy procedures
All patients had the same protocol for recovery during hospitalization. Full weight bearing was allowed on the operated knee and physiotherapy was initiated on POD1 with walking, fl exion, and extension of the knee. Most patients were discharged to home and continued to receive physiotherapy on a weekly basis for 4-6 months after surgery.
Pain and interference with function
Pain, interference with function, and number of painful sites was measured using the Brief Pain Inventory (BPI) (Cleeland 1985) . The BPI consists of 4 items that evaluate intensity of pain using a numeric rating scale (NRS) from 0 to 10 (with 0 meaning no pain and 10 meaning pain as bad as you can imagine); 7 items that evaluate pain-related interference with 7 different domains (general activity, mood, walking ability, work, social relations, sleep, enjoyment of life); and a body map to evaluate where pain is located. The validity and reliability of the BPI is well established (Klepstad et al. 2002) . The dependent variable (i.e. interference of pain with walking) is the patients' own ratings of how much their pain interfered with walking on a 0 (does not interfere) to 10 (completely interferes) NRS.
Symptom-related measures
Fatigue severity was evaluated using the 5-item Lee fatigue scale (LFS), with each item rated on a 0-10 NRS. A total score can range from 0 to 10; higher scores indicate higher severity of fatigue. The LFS has satisfactory validity and reliability (Lerdal et al. 2013) . In this study, its Cronbach's alpha was 0.91.
Fatigue interference was evaluated using the 7-item fatigue severity scale (FSS-7). Patients rated their agreement with 7 statements, using a 7-point Likert scale that ranged from "disagree" to "agree". A total score can range from 1 to 7; higher scores indicate higher levels of interference. The FSS-7 has good psychometric properties (Lerdal et al. 2005) . In this study, its Cronbach's alpha was 0.93.
Anxiety and depression were evaluated using the hospital anxiety and depression scale (HADS) (Zigmond and Snaith 1983) . The scale consists of 7 items for depression and 7 items for anxiety. Scores can range from 0 to 21 on each subscale. Higher scores indicate higher levels of anxiety and depression. HADS has excellent psychometric properties . In this study, the Cronbach's alpha values for the depression and anxiety subscales were 0.79 and 0.84, respectively.
Psychological measure
The brief illness perception questionnaire (BIPQ) (Broadbent et al. 2006 ) was used to measure different dimensions of preoperative illness perceptions (i.e. consequences, personal control, identity, concern, and emotional response) in relation to the painful knee on a 0-10 NRS.
Data analysis
Data analyses were performed using SPSS version 22 and Mplus version 7.3 (Muthen 2015) . A power analysis (alpha level = 0.05, power = 0.80, medium effect size (f = 0.25) for multiple regression) gave an estimated sample size of 180. Differences in demographic, clinical, symptom-related, and psychological characteristics between the latent classes were evaluated using independent-samples t-tests, Mann-Whitney U-tests, and chi-square analyses. Effect sizes were calculated on the differences between groups according to Cohen's coeffi cient d. A d-value of ≥ 0.40 was considered to be a clinically meaningful difference (Cohen 1992) .
Growth mixture modeling (GMM) with maximum likelihood estimation was used to identify latent classes (i.e. subgroups of patients) based on their distinct levels of interference of pain with walking-from before TKA until 12 months after. GMM allows for the estimation of more than 1 growth curve, for previously unidentifi ed subgroups that change differently over time. A growth curve can be defi ned by an intercept and one or more slope coeffi cients. The intercept represents the estimated mean of pain-related interference with walking on the day before surgery for each class. The slope(s) represent(s) the estimated amount of change, per unit of time, in pain-related interference with walking over the 12 months after surgery.
Because the change over time had both a statistically signifi cant linear component and quadratic component, we estimated coeffi cients for the intercept, a linear slope, and a quadratic slope for time coded in weeks. A single growth curve representing the mean change trajectory was estimated. Competing models with different numbers of latent classes were compared statistically to determine whether they provided a better model fi t over the previous model. A lower Bayesian information criterion (BIC) and a statistically signifi cant Vuong-Lo-Mendell-Rubin (VLMR) likelihood test suggest a better model fi t (Nylund et al. 2007, Jung and Wickrama 2008) . Finally, visual inspection of plots of predicted values against observed values was performed. Any p-value of < 0.05 was considered statistically signifi cant.
With GMM, effects can be estimated using all cases even if some assessments are missing through the use of full-information maximum likelihood (Schafer et al. 2002) with the expectation-maximization algorithm Shedden 1999, Enders 2010) . This method provides unbiased parameter estimates as long as the missingness can be ignored. Missingness in this study was not associated with previous measures of interference with function or covariates in the study.
Ethics
The study was approved by the Regional Medical Research Ethics Committee of Health South East of Norway (no. 2011/1755).
Results
Of the 245 patients who were invited to participate, 33 declined and 6 had their surgery cancelled. 206 patients agreed to participate and were enrolled in the study. After enrollment, 2 patients were excluded due to postoperative disorientation and 1 patient was excluded due to revision surgery on the same knee. 1 patient died from postoperative complications, leaving 202 patients (98% of the included participants) for analysis.
Most participants were female (n = 138, 68%), lived with a partner (n = 122, 60%), had completed higher education (n = 102, 51%) and were not working (n = 130, 64%). The mean age was 68 (SD 9) years.
Using GMM, 2 distinct latent classes were identifi ed. Based on the BIC and the VLMR likelihood test, the 2-class model provided a statistically signifi cantly better model fi t than the 1-class and 3-class models (Table 1) . Visual inspection of the plots of the observed values against the estimated values showed that the predicted trajectories followed the empiric trajectories for both classes, which supports the idea that our 2-class model made sense conceptually and clinically. The classes were named Recurrent Interference and Continuous Improvement based on the shapes of their trajectories (Figure) . The parameter estimates for the 2-class solution are shown in Table 2 .
The total sample had a mean pain-related interference with walking score of 5.9 preoperatively, which decreased over time. Patients in the Recurrent Interference class (n = 45, 22%) were characterized by higher preoperative pain-related interference with walking scores (mean 7.0) that decreased over the next 3 months, followed by a gradual increase over the following 9 months, with return to preoperative levels at 12 months (Figure 1) . Patients in the Continuous Improvement class (n = 157, 78%) were characterized by lower preoperative pain-related interference with walking scores (mean 5.6) that preoperatively. In addition, patients in this class had higher scores for the preoperative illness perceptions regarding consequences, concern, and emotional response (Table 5) .
Discussion
This study is the fi rst to use GMM to identify patient subgroups with distinct trajectories of pain-related interference with walking during the fi rst year after TKA. Strikingly, while most patients experienced substantial improvements, one fi fth reported no improvement in their level of pain-related interference with walking 12 months after surgery. Finally, our study identifi ed a number of factors that may help clinicians identify patients who are at risk of having poorer functional outcomes.
Consistent with previous reports, our fi ndings suggest that TKA is not effective in a number of patients. For example, Kauppila et al. (2011) found that 12 months after TKA, one tenth of patients had worse functional scores. In another study, one third of patients reported limited functional improvements after 12 months (Franklin et al. 2008) . Patients in our Recurrent Interference class showed improvements until 3 months after surgery, but the results were not sustained beyond 3 months. Interestingly, the recurrence of pain-related interferTrajectories of observed and estimated scores for the latent classes of pain-related interference with walking. steadily decreased over the 12 months following TKA (Figure) . No statistically signifi cant differences were found in any of the demographic and preoperative clinical characteristics between the 2 latent classes (Table  3 , see Supplementary data). Patients in the Recurrent Interference class had higher average and worst pain intensity and higher total pain interference scores preoperatively, and a higher number of painful sites both preoperatively and at 12 months after surgery. More patients in this class had contraindications for regional anesthesia and received general anesthesia, peripheral nerve blocks, and ketamine as supplementary pain medication (Table 4 , see Supplementary data).
Patients in the Recurrent Interference class had higher fatigue severity, fatigue interference, and depression scores ence with walking appeared to coincide in time with the cessation of physiotherapy. The effects of more intense or prolonged postoperative physiotherapy on walking in high-risk patients should be tested in future studies.
Patients in the Recurrent Interference class reported having a higher intensity of preoperative pain and a higher number of painful sites. Similarly, a higher number of painful joints has been associated with worse pain and poorer functional outcomes after TKA (Perruccio et al. 2012 , Hawker et al. 2013 .
Our study is the fi rst to document the relationship between preoperative fatigue and interference of pain with walking following TKA. Fatigue levels in our sample (mean 3.9) were slightly higher than in patients with OA (mean 3.63) (Cross et al. 2008) , but similar to those in the general population of Norway (mean 3.98) (Lerdal et al. 2005) . It is noteworthy that the mean difference in fatigue interference scores between the 2 classes was 0.8-a clinically important difference for this scale (Rosa et al. 2014) .
While the depression levels in our sample (mean 3.5) were well below the HADS subscale cutoff of > 7 (Bjelland et al. 2002) and comparable to data from the general Norwegian population (male mean: 3.5; female mean: 3.4) , the depression scores were higher in the Recurrent Interference class than in the Continuous Improvement class. Although a systematic review found inconclusive results for the impact of preoperative distress on function (Paulsen et al. 2011) , our fi ndings are consistent with several recent studies (Judge et al. 2012 , Duivenvoorden et al. 2013 , Singh and Lewallen 2014 . There is growing evidence to suggest that depression and pain share similar phenotypic characteristics and biological mechanisms (Bair et al. 2003 , Gambassi 2009 , and both are associated with physical impairments (Bair et al. 2003) .
While psychological factors are considered important in explaining long-term functional outcomes after TKA (Jones et al. 2007 ), illness perceptions after TKA are not well studied. Illness perceptions based on the self-regulatory model of Leventhal and colleagues (Leventhal et al. 1992 , Broadbent et al. 2006 ) describes individuals' response to perceived threats to health and how beliefs about their illness can affect adherence to treatment regimens. Of the 4 BIPQ items associated with latent class membership, illness-related concern had the largest effect size. Similarly, in another study, preoperative illness-related concern was found to be associated with poorer functional outcome 1 year after TKA (Bethge et al. 2010 ). There was a correlation between a higher degree of distress and lower use of problem-focused coping strategies (Folkman and Moskowitz 2004) , which may in turn result in avoidance of activity. Preliminary fi ndings from a recent quasi-experimental study (Riddle et al. 2011 ) have suggested that copingskills training in patients with elevated catastrophizing levels may improve function after TKA.
Preoperatively, patients in the Recurrent Interference class were more likely to perceive more severe consequences in their lives from their OA. Correspondingly, perception of more severe consequences from the OA condition before surgery was associated with lower activity levels at 9 months (Orbell et al. 1998 ) and poorer range of motion of the knee 6 weeks and 1 year after TKA (Hanusch et al. 2014) . In a recent review of the BIPQ, perceived consequences were among the single dimensions that were found to be most predictive of future outcomes (Broadbent et al. 2015) . Illness perceptions are considered to be modifi able beliefs (Broadbent et al. 2006) .
Patients in the Recurrent Interference class were more likely to have received general anesthesia and supplemental pain management with ketamine. While their prevalence of comorbidity was not higher, our study may have been underpowered to detect statistically signifi cant differences. Medical conditions or associated drug therapies may be confounders in this analysis. For example, patients on anticoagulation therapy cannot have neuraxial blocks, and such confounders might contribute to the association between general anesthesia and poorer outcomes. The safety, effi cacy, and opioid-sparing effect of CFNB after TKA is well established (Fowler et al. 2008 , Chan et al. 2014 . The NMDA receptor antagonist ketamine prevents allodynia and may reduce the risk of chronic pain (Aveline et al. 2014) . Thus, our fi ndings should be interpreted with caution.
The study had several limitations. The sample was recruited at a single surgical clinic, which limits the generalizability of the fi ndings. Assessments between 3 and 12 months would have provided additional information. No data are available on previous knee injuries that may have led to the OA condition, on analgesic consumption after discharge, on adherence to physiotherapy, and on patients' willingness to become more physically active. No information is available about the nature of the patients' persistent pain after TKA. More detailed data on other chronic pain conditions and their relationship to functional status might have enabled us to distinguish better between these conditions and knee-related functional limitations.
The large sample size, the prospective design, and the low attrition rate were advantages. Our statistical approach allowed us to identify subgroups with distinct trajectories over time and to explore a comprehensive list of characteristics associated with subgroup membership.
In conclusion, 1 in 5 patients had no improvement in painrelated interference with walking 12 months after TKA. Based on our fi ndings, a screening tool to identify patients with higher risk should be developed and tested. Finally, development and testing of interventions that target these characteristics is warranted, to improve outcomes after TKA surgery. Tables 3 and 4 are available on the website of Acta Orthopaedica (www.actaorthop.org), identifi cation number 10210.
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